Elastic properties of (Pb Sn 1− ) 2 P 2 S 6 solid solutions were studied using Brillouin scattering technique. Different scattering geometries were used for sound velocities determination that make it possible to find all components of the stiffness tensor. The concentration dependencies of volume compressibility, the Grüneisen parameter and Debye temperature were investigated. 
Introduction
Studies of sound wave propagation in crystals are very interesting and useful for researchers because of applications of results in applied acousto-optics, optoelectronics and ultrasound defectoscopy. Moreover, the information obtained about material constants can be very useful later on for theoretical investigations using thermodynamical functions. Brillouin scattering is one of the most powerful methods that can be used for determination of elastic properties of solids. The advantage of this method is that the conditions in which crystals are studied remains very close to mechanical equilibrium because it is not necessary to create additional excitation in the medium. In this report, we present the results of measurements of orienta-tional dependencies of hypersound velocities and determination of elastic constants and Grüneisen parameters for (Pb Sn 1− ) 2 P 2 S 6 solid solutions at room temperature. These crystals are part of well known compound families with the general formula MM'P 2 X 6 where M, M' are metal atoms and X is a chalcogenide atom. There are a variety of interesting physical phenomena including structural phase transitions in these materials [1] . Since the acoustic properties of Sn 2 P 2 (Se S 1− ) 6 ferroelectric crystals were studied earlier [1] [2] [3] [4] [5] 
Experimental details and results
Brillouin scattering spectra were excited by He-Ne laser with wavelength λ = 632 8 nm and 50 mW of power. where Γ = are the components of Christoffel's tensor, are the components of the unit vector that specifies the direction of sound wave propagation, ρ is the density of the medium, V is the sound wave velocity, δ is Kronecker's delta and are the components of the sound wave polarization vector. It should be noted that the number of independent components of the elastic tensor reduce from 21 to 13 due to the monoclinic symmetry of the investigated compounds. Inverting the Christoffel equation, it is possible to find values of sound velocities for any direction of sound wave propagation. The elastic constants obtained this way are collected in Table 1 (we use Voigt notation for the stiffness tensor). The concentration dependence of the stiffness coefficients of (Pb Sn 1− ) 2 P 2 S 6 solid solutions at room temperature connected with related dependencies of lattice parameters and density, and with movement from the ferroelectric to paraelectric phase on the phase diagram upon increase of lead ion concentration. Taking into account the relations = where is the compliance tensor and β V is the volume compressibility, it is possible to find the dependence of compressibility on concentration for the crystals studied. The corresponding result is shown in Figure 3 . For comparison, the results of work [7] where interference methods were used to determine linear and volume compressibilities for final compounds are also presented. Some disagreement in the amount of volume compressibility can be explained by dispersion of sound wave velocities [8] . It is generally agreed that compressibility increases with increase in temperature, and decreases and tend to some limit with increase in pressure. Hence we can assume that the obtained dependence of compressibility on concentration is mainly caused by decrease of interionic distance due to increase of cation radius upon substitution of tin ions by lead. Using information about elastic properties, it is easy to find such characteristic parameters of solids as the Grüneisen parameter and Debye temperature. The concentration dependencies of the Grüneisen parameter and Debye temperature for (Pb Sn 1− ) 2 P 2 S 6 solid solutions are presented in Figure 4 . The Grüneisen parameter determines the anharmonicity and grows with weakening of bonds. Its values were calculated by using the so-called "acoustic" form [9] :
where V L and V T are longitudinal and transverse sound wave velocities. On the other hand, Debye temperature is proportional to the strength of chemical bonds and was determined by relation [10] :
where and are the Planck and Boltzmann constants, respectively, and N is the number of molecules per unit volume. [7] . Lines are a guide for the eye.
Although the Grüneisen parameter stays almost concentration-independent at "paraelectric" concentrations of lead ions > 0 2, it decreases in the other "ferroelectic" range of concentrations. Moreover, if one takes into account the value for the Grüneisen parameter in the PE phase of Sn 2 P 2 S 6 crystal, the changes are more considerable (see Figure 4) . The same can be observed in the behavior of the Debye temperature with changing concentrations. It decreases with increasing concentration in the "ferroelectic" range. This dependence becomes almost linear for "paraelectric" values of Θ D . It should be noted that determination of Θ D using quantities of values in the PE phase is more appropriate. The values obtained for Θ D agree well with the data from Mössbauer spectroscopy experiments [11] (Θ D = 120 − 135 K for Sn 2 P 2 S 6 and Θ D = 85 K for Pb 2 P 2 S 6 crystals). In summary, all of these findings denote the weakening of average bond stiffness with substitution of tin by lead in the investigated crystals at room temperature.
Conclusions
Brillouin scattering technique was used for investigation of the elastic properties of (Pb Sn 1− ) 2 P 2 S 6 solid solutions at room temperature. All components of the stiffness tensor were determined by taking into account the hypersound wave velocities. The investigated concentration dependencies of volume compressibility, Grüneisen parameter and Debye temperature agree well with generally acknowledged tendencies. All findings indicate weakening of bond stiffness and increasing of anharmonicity with substitution of tin by lead in the investigated crystals at room temperature.
